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ΩDM

ΩB
∼ 5 Light sector is composite

( and complicated )

Why not dark matter

• Natural way to produce

stable, neutral particles

• Arise from other models



Some paradigms:

• WIMPs

• SIMPs

• Stable mesons

• Baryons

• Nucleai



Asymmetric 1

• Dark baryogenesis

• No indirect detection?

(nucleasynthesis)

• Direct detection signals

11 S. Nussinov, Phys. Lett. B 165, 55 (1985)



SU(2) gauge, 2 fundamental fermions

• A simple model with complex phenomenology

Dark nuclei 2

Simplest miracle 3

Light asymmetric dark matter 4

As technicolor

fπ = 246GeV , mπ = 0 + SM corrections

2W. Detmold, M. McCullough and A. Pochinsky, Phys. Rev. D 90, no. 11,

114506 (2014)

3Y. Hochberg, E. Kuflik, H. Murayama, T. Volansky and J. G. Wacker, Phys.

Rev. Lett. 115, no. 2, 021301 (2015)

4R. Lewis, C. Pica and F. Sannino, Phys. Rev. D 85, 014504 (2012)
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SU(4)→ SP(4)

Five Goldstone bosons5:

πa = QT (−iσ2)CEY aγ5Q + h.c.

=

ψ̄γ5τ aψ if a = 1, 2, 3

ψTγ5(−iσ2)C (−iτ2)ψ + h.c. if a = 4, 5

5R. Lewis, C. Pica and F. Sannino, Phys. Rev. D 85, 014504 (2012)
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Direct detection:

At low energies

• No Z-exchange

• Higgs exchange

• Charge radius, electric dipole moment

(mu 6= md)

• Polarizability



Electromagnetic form factor:

〈π( ~pf |Vµ(0)|π(~pi )〉 = Fπ(Q2)(pi + pf )µ,

Q2 = ( ~pf − ~pi )
2 − (Eπ( ~pf )− Eπ(~pi ))2

With the electromagnetic current
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2
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2
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Vector meson dominance in QCD

Fπ+(Q) ≈
(

m2
ρ

m2
ρ + Q2

)

FK+(Q) ≈ 2

3

(
m2
ρ

m2
ρ + Q2

)
+

1

3

(
m2
φ

m2
φ + Q2

)

In SU(2) lattice results, works approximately



A. Hietanen, R. Lewis, C. Pica and F. Sannino, JHEP 1412, 130 (2014)



Charge radius:

LB = ie
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Λ2
φ∗
←→
∂ µφ∂νF

µν

dB
Λ2

=
m2
ρu −m2

ρd

2m2
ρum

2
ρd

DM - nucleon scattering cross section:
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Higgs exchange:

d1
Λ
h∂µφ

∗∂µφ+
d2
Λ
m2
φhφ

∗φ

With ordinary Higgs interactions:

σA =
µ2A
4π

[Zfp + (A− Z )fn]2

fn = dH f
mp

m2
Hmφ

, fp = fn −
8παdB

Λ2
,

dH = −d1 + d2
vewΛ

, f ∼ 0.3,





The electric polarizability
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In stealth dark matter T. Appelquist et al., Phys. Rev. Lett. 115, no. 17,

171803 (2015)



In a classical constant background field

m
(E)
φ = m0

φ +
1

2
4παEE2 + . . . ,

On the lattice add the background field

U(E)
µ = e iQAµ(x)e iQENtx3δµ,4δx4,Nt−1, Aµ(x) = (0, 0,−Ex4, 0),

E =
2πn

qNtNL

And just measure the mass

am
(E)
φ = am0

φ +
1

2
4πα̃EE

2, α̃E =
αE

4παa3
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We get the per nucleon rate

σ(Z ,A) =
Z 4

A2

9πα2µnφ(MA
F )2

R2
α2
E ,

with R = 1.2A1/3





Note

• Partially quenched

• SM corrections break SU(4)

→ nonzero mφ

• Results assume a technicolor model

Other SM interactions may dominate


